Building Information Modelling (BIM) technology is a powerful technology but is rather new to Hong Kong. The impacts and adoption of BIM in the context of Hong Kong building and construction industry requires an in depth study in order to provide insights for industry to leverage its power. The aim of this research was therefore to identify barriers that affect the adoption of BIM technology in the Hong Kong building and construction industry. A qualitative analysis was conducted on five professionals and experts in Hong Kong building and construction industry to study the effects of the variables of adoption of Building Information Modelling technology. The research results support the research questions and ISSN 2162-4860 2014 www.macrothink.org/ber 223 also bring contributions to both academia and the professional environments in the body of knowledge in the BIM field about major factors affecting user adoption of BIM software technology in the Hong Kong building and construction industry.
Introduction
In recent years, rising energy costs, the building and infrastructure boom, and environmental issues have been hot topics worldwide (Manrai et al., 2001) . Furthermore, there are environmental drivers such as global warming that increase the study of green and sustainable building designs. BIM is recognised as using software technology that provides productivity and economic benefits for green and sustainable designs in the global construction industry.
Values of BIM Technology
The value of BIM information lies not only in 3D visualisation, but, more importantly, in design decision-making, producing high-quality construction documents, predicting performance, cost-estimations, construction planning, and even for facilities operation and management at a later stage (Aslani, Griffis and Chiarelli, 2009; Chan, Li and Skitmore, 2012; Hu, Zhang and Deng, 2008; Kim, Kim, Park and Kim, 2011) . Recent research in Hong Kong recommends that the industry hasten the transition from 2D CAD to BIM by exploring how to adopt common BIM standards such as specifying modelling method and the level of detail expected of a 3D BIM (Tse, Wong and Wong, 2005) . BIM merges electronic versions of paper documents that include 3D renderings with construction documents, and results in a combination of creating, using, reusing and exchanging coordinated, consistent and computable information (Bernstein & Pittman, 2004) .
BIM is defined as the creation and use of coordinated, consistent, computable information relating to a building project during the design and construction processes (Krygiel & Nies, 2008) . From the software vendor's side, BIM is also interpreted as an integrated process built using information from the entire life cycle of buildings into a 3D model comprising coordinated, reliable information about a project from design through construction and up to operations (Autodesk, 2009; Bentley, 2009; Gehry Technologies, 2009; GraphiSoft, 2009; Nemetschek, 2009; Tse et al., 2005) . As the 3D information is parametric in nature, the BIM model is also an integrated database that stores parametric information about the entire building and a complete set of design documents. The project team can work with a model-based framework to ensure that a change from one view will propagate to all other views of the design model.
BIM is an emerging tool in the construction industry not only to the benefit of designing and documenting a project, but also for enhancing communication among all project stakeholders. This tool has begun to change how project designers work with consultants and contractors, and has the ability to assist in guiding the industry in a more sustainable direction. The use of BIM allows professionals to quantify a greener design approach and to resolve issues related to construction waste, energy consumption reduction, CO 2 emission control, and to realise the design before construction commences.
Key benefits of adopting BIM technology include easier coordination of different software and project personnel; improved productivity; reduced cost from reduced communication and design errors; improved communication between designers and builders with 3D/4D visualisation; improved project quality control; improved project outcomes such as fewer field coordination problems; resolving design geometric conflicts at an earlier stage; reviewing clash analysis at an early stage; and ultimately providing an overall positive impact resulting in a winning project (Young, Jones and Bernstein, 2008) . Most costs generated throughout the life cycle of a building are incurred during future operations rather than during the design and construction phases.
Justification of the Research
Although academics have carried out a number of BIM-related research studies, in practice, the adoption of BIM by the construction industry is still in its infancy in most countries (Tse et al., 2005) . BIM is destined and has the potential to revolutionalise the construction industry at an astonishing pace from the US to Asia. In Hong Kong, the adoption of BIM is slow, and conventional entity-based computer-aided design (CAD) software is still the de-facto drafting tool. The change-management process in different project cultures may be affecting individuals and organisations that are heavily reliant on teamwork for successful project delivery (Rahman & Kumaraswamy, 2004) . In this research, barriers affecting software adoption in BIM technology in the Hong Kong construction industry were analysed by explaining perceived usefulness and usage intentions in relation to process satisfaction and outcome satisfaction when using a BIM system (Fayad, 2006) .
Literature Review
In order to examine the barriers to software adoption, Peansupap & Walker (2005) commented that the actual implementation of IT is very difficult to control due to the complexity of interaction of people in the workplace and any changed methods that steer away from their usual working patterns. Recent research from Venkatesh, Thong and Xu (2012) stated that there is significant impact of users' habit on their own technology use when they face a diversified and dynamic environment. No matter how much time and cost an IT system may have invested, its adoption may not be as satisfactory as expected if there are barriers or inhibitors to adoptions that affect user intention to use. The Technology Acceptance Model (TAM) framework can be applied to predict user adoption and new technologies usage in both business environment and educational environment (Behrend, Wiebe, London & Johnson, 2011) . Cenfetelli & Schwarz (2011) noted the importance of focusing on these overlooked barriers or inhibitors so that rejection to use of technology can be prevented. Resistance to change is common among all human beings as we generally acquire habits over a period of time. Factors affecting ICT at the actual implementation stages include complex technical and social issues, however, "people-related factors are crucial" in effective ICT implementation.
The key literature review articles and theories applied are summarised in Table 1 . ISSN 2162 -4860 2014 
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BIM Technology Trend
A BIM is a shared knowledge resource for information about a facility, forming a reliable basis for decisions during its life cycle, existing from earliest conception to demolition." From Li et al. (2008 and , BIM simulates the construction project in an accurate virtual environment. According to Wong, Wong and Nadeem (2009) , BIM develops and uses a computer model to simulate design, construction and operation of a facility. For project owners, the demand on the To reduce the increasing pressure from climate change, the Hong Kong Government has set up targets for greenhouse gas (GHG) emissions reduction (HKCIC, 2012) . Therefore, GHG emissions reduction is a challenge to Hong Kong while the construction industry has a significant role in relation to environmental protection and sustainable construction to build better quality building and contribute in GHG emissions reduction. The Hong Kong Government has proposed 50 -60% Carbon Intensity Reduction by 2020, compared to 2005 baseline. In other countries, the UK Government has taken proactive actions to reduce carbon emissions by forcing change on the construction industry through legislation. From recent research in the UK (Hetherington, Laney & Peake, 2010) , the Department of Communities and Local Government conducted a consultation that concluded that there was demand for sustainable practices which go beyond zero carbon buildings (DCLG, 2007) . In the future, architects may be required to handle new and demanding knowledge relating to designing sustainable and zero carbon buildings. By making use of timely and understandable data in BIM models, architects would be facilitated in design decision making.
Evaluation of the Literature
As BIM involves the use of technology as well as the changes of working and cultural practices that an industry will experience, the literature review has covered topics including the adoption of information technology (IT); adoption of information and communication technology (ICT); barriers to software adoption; building information modelling (BIM); change management; China; the construction industry; customer satisfaction; globalisation; Hong Kong; learning organisation; perceived usefulness; social influence; software business; technology acceptance model (TAM); and the US.
Architectural, engineering and construction (AEC) companies are the key users that utilise BIM to reduce communication costs during the design and construction processes. For example, increased coordination between design and detailing can be reduced through the use of shared 3D design models so that any changes can be communicated seamlessly and instantaneously across disciplines (Ekstrom & Bjornsson, 2004) . The use of a shared 3D model facilitates an ease of communications, resulting in the reduction of both uncertainty and communication costs. Besides virtual modelling applications, BIM can also be used effectively as a collaboration platform by key members on project teams such as those in architecture/engineering firms, general contractors or construction managers in the mechanical, ISSN 2162 -4860 2014 www.macrothink.org/ber 227 electrical, plumbing and fire-protection segments. The building's 3D BIM computer-rendered model would contain all of the building's information such as wall materials, structural beams, HVAC equipment, plumbing fixtures, door and window schedules, and finishing details.
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Research Gap
Current research on TAM has not addressed the role of other direct determinants of usage intentions and behaviour and, instead, only discusses the major contingency factors moderating the effects of perceived usefulness, perceived ease of use, subjective norm and other constructs on intention (Venkatesh & David, 2000) . Also, previous research has not established how early in a system-development process one is able to begin to measure key user reactions. An example is that direct hands-on training or usage experience may be introduced even before a working prototype is built. In such cases, measurements can be made for post-implementation success of the system concept.
Previous research includes surveys that targeted local Hong Kong architectural firms (Tse et al., 2005) and other countries (Anteroinen, 2005) pointed out some barriers to BIM. Since TAM and the extended model TAM2 have not been applied in the construction industry in BIM technology adoption in Hong Kong, this research was conducted to discover the issues: Subjective Norm, Image, Job Relevance, Result Demonstrability, Process Satisfaction, Outcome Satisfaction, Perceived Ease of Use and Perceived Intention to Use. 
Methodology
Interviews were conducted among five industrial experts in Hong Kong to validate research questions and to provide insights on the barriers of BIM adoption for Hong Kong building and construction industries. Details of the five industrial experts interviewed were shown below in Table 2 . The purpose of the qualitative approach is to discover the underlying facts, reasons and incidents related the research problems and questions. The interview questions were shown on Table 3 . 
Results and Findings
Based on this design, interview contents from 5 respondents were analysed and the summary and explanation of the interview results with respect to the research questions were discussed below.
Subjective Norm and Intention to Use the BIM System
The views of the experts support that subjective norm affects the intention to use BIM. Respondent A and B mentioned that the decision to use BIM is made by company top management, who is influenced by a higher level subjective norm. In the case of Hong Kong building and construction industry, this higher level subjective norm is the Hong Kong Housing Authority who specifies vendors to use BIM. The intention by top management to use BIM is viewed by other as a way to be more competitive. Company top management is viewed as a subjective norm to the lower level workers and downstream contractors. Respondent C provided an insight that when top management, viewed as a subjective norm to the lower level workers, the decision to use BIM instill an urgency to use BIM. The views of industrial experts and the cases support the claim of Fishbein & Ajzen (1975) that subjective norm is a direct ISSN 2162 -4860 2014 determining factor of behavioral intention in Theory of Reasoned Action, which means that when someone who is important to the user thinks that it is important for the user to perform the task, this will affect user's intention to perform the task.
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Subjective Norm and Perceived Usefulness of the BIM System
The views of the experts support that subjective norm affects the perceived usefulness of the BIM system. In cases like clash analysis and project resource allocation, workers think that the higher level management as a subjective norm, as evaluated BIM as a better tool to solve the problems. This affects their perceived usefulness of the BIM system. Respondent B pointed out that a subject norm in Hong Kong made contractors believed that using BIM could better handle the safety issues in public housing construction. Respondent D pointed out that when a company boss, who is in the capacity to evaluate new technology to improve productivity, may become a subjective norm to the company staff. This type of subject norm will be able to explain the benefits of BIM more accurately. This supports the claim of Salancik & Pfeffer (1978) that subjective norm has an indirect effect on intention through perceived usefulness.
Image of Using the BIM System and Perceived Usefulness of the BIM System
The views of the experts support that image of using the BIM system affects perceived usefulness of the BIM system. According to the respondents, image of using BIM system is associated to being innovative (respondent A), efficient management, safety improvement (respondent C) and use of green technology. As a result of these perceptions, company's marketing promotions are happy to claim that the company knows or uses BIM. Respondent A pointed out that the positive feedback of using BIM has actually improved the company image. The views of experts support the findings of Venkatesh & Davis (2000) , and Chan & Lu (2004) that image of using an innovation affects a person's perceived usefulness.
Job Relevance and Perceived Usefulness of the BIM System
The views of the experts support that job relevance affects perceived usefulness of the BIM system. Incidence was cited by respondent C when quantity surveyors who were using BIM saw that other contractors were also using BIM, they tended to think that BIM must be very useful in order for other contractors to use it. When BIM delivers results, workers feel that is it relevant and useful. The views of experts support the findings of Venkatesh & Davis (2000) that job relevance has a direct and positive effect on image of using the system.
Result Demonstrability of Using the BIM System and Perceived Usefulness of the BIM System
The views of the experts support that result demonstrability affects perceived usefulness of the BIM system. According to the respondent C and D, result demonstrability comes in the form of better return on investment (ROI), more efficient design process, reduction of costly construction waste, and better solution on safety issues. Respondent A pointed out that when BIM shows the positive results in a project, people's perceived usefulness was increased. They also thought that BIM would be able to deliver similar results for the next project. The views of expert support the claim by Venkatesh & Davis (2000) that result demonstrability in TAM2 has 
Process Satisfaction and Intention to Use the BIM System
The views of some experts support that process satisfaction affects intention to use the BIM system. For workers that enjoy the process of using BIM, they will have a greater intention to use BIM for the next project. Respondents mentioned two types of process satisfaction. One is the fact that BIM has the features they want and were able to solve their problems. The process of using BIM becomes meaningful and objective driven. The other being the workers just enjoyed the process of using new technology. For example, some Architects like to adopt BIM during design stage and enjoy the process of innovative design using new technology (respondent C). To senior managers who do not need to use the BIM but only use the BIM output for discussion and analysis, they do not have feel about the process satisfaction. These findings support the claim of Venkatesh & Davis (2000) and Fayad (2006) , that when users are satisfied with the process and outcome of using the system, it increases the intention of the users to use the system again.
Outcome Satisfaction and Intention to Use the BIM System
The views of experts support that outcome satisfaction affects intention to use the BIM system. According to respondent A, a successful precedent in using BIM may lead to a continuous adoption of BIM in a second project, and vice versa. Outcome satisfaction came in the form of number of task users were able to complete. The number of tasks BIM can help to accomplish has made the work process more efficient (respondent B). Outcome satisfaction also came in the form of award winning (respondent C). One example is a project manager who managed a project with BIM system and received an innovative design award of the year by using BIM. These positive outcome satisfactions have resulted in greater intention to use BIM for future projects. These findings support the claim of Venkatesh & Davis (2000) and Fayad (2006) , that when users are satisfied with the process and outcome of using the system, it increases the intention of the users to use the system again.
Perceived Ease and Perceived Usefulness of the BIM System
The views of most experts support that perceived ease of use affects perceived usefulness of the BIM system. When a good demonstration and training were given to users, it brought about positive impact on perceived usefulness (respondent E). Similar view is shared by respondent C, that a successful demonstration is important to give a good first impression that affect the perception of usefulness of the BIM system. Perceived usefulness of the system is very clear when showing the 3D models (e.g. clash analyses) output of BIM. Viewers of these outputs were able to appreciate the difficulties of using 2D design for similar analysis (respondent A). BIM seems to perform the same analysis in a less painful way. The views of the experts support the claim by researchers that perceived ease of use is positively correlated with perceived usefulness (Venkatesh & Davis, 2000; Davis, Bagozzi and Warshaw 1989; Halawi & McCarthy, 2008; and Yi, Jackson, Park and Probst, 2006) .
Perceived Ease of Use and Intention to Use the BIM System
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The views of some experts support that perceived ease of use affects intention to use the BIM system. Two ways to create perceived ease of use are good demonstration and training on what BIM can do (respondents C and E). Similar view is shared by respondent C, that a successful demonstration is important to give a good first impression that affect the intention to use the BIM system. The views of experts confirm the findings of the past researchers that perceived ease of use is positively correlated with intention to use the system (Halawi & McCarthy, 2008; Chau & Hu, 2002; Venkatesh & Morris, 2000; Szajna, 1996; Taylor & Todd, 1995) .
Discussion
Interviews with five industrial experts provided valuable insights on adoption of BIM in Hong Kong industry. The following sections summarized the significance of BIM to Hong Kong industry in practice.
Significance of Subjective Norm
The qualitative results support that subjective norm affects the intention to use BIM. The effect of subjective norm in terms of "industry leaders outside a company" is significant as well as the direct report manager of a person to both intention to use the BIM system and its perceived usefulness. The degree of influence is higher for people at the working level than the management level. The subjective norm will be more related to intention to use the BIM system for people at the working level as usually decisions of using a new technology are made by the management level as commented by respondent A. However, professional judgment may also affect the intention to use the BIM system. According to respondent D, if a job nature or responsibilities require the use of BIM or can get benefit from using it, the effect of subjective norm may not be that significant. A simple example is like a young kid choosing to play badminton or basketball at school to fulfil extra-curricular activities marks. As long as the act can be credited, the kid may make the decision even though his/her parents may have different suggestions.
Subjective norm has major impacts on large number of contractors when viewed as industry norm. According to respondent B, when Hong Kong Public Housing Projects specified BIM technology as a requirement, it affects many downstream contractors to see BIM as a tool to stay competitiveness. Public Housing Projects specifying using BIM seemed to endorse BIM's creditability as a form of "industry norm". Contractors who were not using BIM began to show interest and seriousness to adopt BIM as part of the work process. Contractors tended to view this "industry norm" satisfy the safety requirements of the project. As such, it affected their perception of BIM because many contractors were already using BIM. They thought that BIM is useful with much detailed investigation.
The immediate implication of this result is that company leaders should be aware that important subjective norms like Hong Kong Public Housing Authority advocates use of BIM. They should take immediate actions to explore, try or learn the use of BIM as part of company vision and strategies before they become outdated in their technologies and productivity. Company leaders could also learn from other subjective norms specific ways BIM support the strategic development of a company. The broader implication to this is the setup of BIM leader ISSN 2162 -4860 2014 www.macrothink.org/ber 232 forum where company leaders could meet and share strategies of using BIM. This sharing could mature the strategic use of BIM so as to develop a mature adoption framework for Hong Kong companies.
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Significance of Image, Job Relevance and Result Demonstrability
The influence of image, job relevance and result demonstrability also play an important role to perceived usefulness of the BIM system. In Hong Kong, corporate social responsibilities are emphasized, and design with innovation and less wastage to the environment gives a positive branding image for companies in the building and construction industry. According to Respondent C, a company may employ external team to help conducting BIM technology if no capable internal team is available. For companies that make use of green ICT technologies for design and construction work, will be able to gain "green branding image" for marketing purpose. For example, if a project is deployed by BIM design approach for making effective design decisions at a project's earlier stages of planning and design, the actions and results that prevent and save construction waste will establish a thought leader image among the industry stakeholders. Corporate image, when expected by clients to get the job done, caused companies to seek active adoption of BIM in various forms. From all five experts, some companies may not have sufficient staff to implement new BIM technology. Some companies will employ external BIM consultants or recruit new BIM-enabled staff to work on new project and maintain the BIM capabilities for better image and increased competitiveness.
According to experts, BIM indeed help professionals to deliver better results. Job Relevance is highly significant to professionals such as quantity surveyors. According to respondent B, if a new system can fulfill the job requirements with better productivity and efficiency, this will impact the perception of usefulness of the BIM system. For example, a developer may look at how other developers use BIM system in handling hotel project if they also need to manage hotel project. According to current BIM adoption in Hong Kong, job relevance is getting more and more significant after increasing number of Government Departments started to conduct trial projects and full implementation projects. This has helped to create new momentum in the building and construction industry that BIM design approach may have high chance to relate to daily work.
According to industry experts, results of using BIM were positive to the projects of the companies. They came in the form of reusability of the system for future projects, actual workable showcases, cost-saving clash analysis, reduction of construction waste, well-coordinated work process, company awards, and good references. These actual results were generated by companies using BIM for a period of time for their projects. Management used these results to calculate ROI in order to justify why the company should adopt BIM at a deeper level.
Significance of Process Satisfaction and Outcome Satisfaction
Although the process satisfaction of using BIM varied according to users' personalities and attitudes, BIM has created a different degree of process satisfaction. Some fast-learners architects adopted BIM during design stage and enjoyed the process of innovative design using ISSN 2162 -4860 2014 new technology. This has helped them to use the BIM system in future projects. This early adoption of BIM has put them at a higher ground as compared to others who had not adopted BIM. Refer to comments from respondent E, performance is quantitative while satisfaction is qualitative. Past good experience or painful experience in implementing BIM design approach will influence the intention to use the BIM system in the future, no matter the usage has high values or not. In practical world, staff training before starting a project is important to overcome the learning curve and achieve higher chance of process satisfaction.
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The positive outcome satisfaction of using BIM has led to continuous adoption of BIM. Due to the success of the first project that used BIM, companies had continued to use BIM for future projects. Some companies found that BIM was able to help them to solve urgent tasks, which resulted in winning external awards and internal recognition. BIM helped companies to set target tasks and see through the process and evaluate the outcomes. The actual outcomes can be evaluated with respect to the planned objectives. These evaluation results are significance to the ROI of a project. For Hong Kong situation, Government usually will be more likely to spend more budgets on infrastructure projects during economic downturn to boost up the local market. As more building projects funded by the Government request to use BIM since design phase to construction phase for better quality buildings, more obvious outcome in winning more projects by BIM skills have contributed to significance of this factor to BIM adoption. However, outcome satisfaction may not be as important as job relevance and process satisfaction. According to Respondent E, a staff may not want to use the BIM system if overtime work is required frequently. This is common in Hong Kong as many people use after office hours for continuous professional development study, or take a rest after stressful work. In some extreme cases, one may choose to earn less income, but possess more free time after office hours for pleasure.
Limitations and Recommendations for Further Studies
This research used qualitative study and interviewed five professionals. It is recommended to conduct quantitative study as well by providing more empirical results together with the qualitative findings in order to enhance the value of this research. Besides interview, focus groups could be used to gather more experts' opinions. This research contains data obtained from BIM practitioners in Hong Kong from a number of organisations. One direction that future researchers could take is to study the data of a new project starting from the design phase and seeing it through to the construction phase and even on to the facilities-management phase. The current research was conducted on voluntary settings as this is suitable to the types of theories employed in user acceptance research on technology. Future research could be conducted in purely compulsory settings and thereby observe the user acceptance through skills acquired against time. However, Hong Kong has not yet reached such an advanced stage, and most projects that use BIM now would only do so during certain parts of the project. In the research, some respondents participated either at the design stage or at the construction stage of a project, but not over the whole project life cycle. Therefore, it would be prudent to recommend that future researchers conduct their studies on a complete project that begins at the design stage, leads on to the construction stage and eventually ends at the facilities-management stage. Such processes could potentially take a few years.
Conclusion
This research has achieved all the pre-defined objectives and has provided findings to explain the five research problems. This research contributes to both, the academic and the practical fields, specifically on individual software usage adoption barriers for the Hong Kong building and construction industry. In academia, the research provides a complete understanding of user adoption behaviour for TAM2: the significant effects of subjective norm on usage intentions over and above perceived usefulness and how the perceived ease of use can also be applied to voluntary systems in different industries.
The results of qualitative study of this research contribute to improving the understanding of user adoption behaviour of BIM technology in the Hong Kong building and construction industry. Interviews with industrial experts show that BIM adoption was significant in the aspects of subjective norm, image, job relevance, result demonstrability, process satisfaction and outcome satisfaction. The positive results of BIM adoption provided continuous usage of BIM among Hong Kong companies. Cost of construction money as well as cost of damage to the environment is important factor. When labour shortage issue in building and construction industry is getting worse in Hong Kong, BIM is a significant tool to reduce the construction cost while implementing better quality building.
